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s YL Bow Shocks from Runaway Stars

* Runaway stars (V.> V ;.14 stars) With
— V+> Vsounp, ism (~10 km/s)

« Shock interstellar medium (ISM)
« Create bow shocks
in direction of motion

Multiwavelength detections:

« Typically infrared and optical wavelength
* One in non-thermal radio

« Maybe X-ray and high-energy gamma

http://apod.nasa.gov/apod/image/1102/zetaoph_wise_900c.jpg



/©  E-BOSS: An Extensive stellar BOw Shock
Toams Survey. C. S. Peri et al. 2011

Gar“ma ray
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Method:

« OB runaway stars
« d«<3 kpc

 Arch like structure

HIP 2599 HIP 11891 HIP 72 .1 HIP 62322 HIP 78401

28 candidates out of 283

HIP 17358 HIP 81377 HIP 78401

No dependence on >
* Position

« Stellar mass
 Age

HIP 28881 HIP 2457 HIP 22783 HIP 34536 HIP 97796

-

HIP 26397 HIP 25923 HIP 32067 HIP 38430 HIP 101186
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Ra— Bow shock scheme
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Log(L(E)) [erg s™']

Application of model to { Ophiuchi

M. V. del Valle et al. 2012

« Well studied bow shock

« d=222pc

 Model prediction
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s, e Fermi-LAT Upper Limits

First systematic study searching for high-energy gamma-ray
emission (57 months) from bow shocks of runaway stars

No evidence for gamma-ray emission from the bow shocks
UL constrain models by factor ~5 Z Ophiuchi

A1 | VLA lel by del Valle & Romero (2012)
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/~ Constraining the Nature of Bow
<, ¢ermi Shocks of Runaway Stars through
—_— T Fermi-LAT Observations

Anneli Schulz (DESY) on behalf of the Fermi Large Area Telescope Collaboration

Abstract

Bow shocks of runaway stars were suggested as possible sources of high-energy gamma-ray emission. In addition to the detection at infrared
wavelengths, there have recently been claims for detection in X-rays and radio, indicating a spectrally wide non-thermal component. For the first time
we systematically analyzed nearly five years of Fermi-LAT data from the regions of 27 bow shock candidates. These candidates are the ones listed in
the E-BOSS catalogue of stellar bow shocks. Since no significant emission was found, we calculated flux upper limits. For one of the candidates

(¢ Ophiuchi) a recent prediction of gamma-ray emission can be robustly ruled out by our data. Our flux upper limits on the gamma-ray emission from
any of the known stellar bow shocks strongly constrain the possible gamma-ray component that these objects may have.

Bow Shocks of Runaway Stars

Runaway stars can produce bow
shocks if they move supersonically
through the interstellar medium.
There are models (e.g. del Valle et
al. 2012) predicting high-energy
gamma-ray emission from bow
shocks of runaway stars. The main
contribution in the high-energy
regime are photons from the dust,
being upscattered via the Inverse
Compton effect.

Figure 1: Scheme of a bow shock from a
runaway star in the rest frame of the star.

We systematically investigate 27 out of the 28 bow shocks found in the
E-BOSS catalogue searching for high-energy (E>100 MeV) gamma-ray
emission from these objects. HIP 101186 is excluded, since this source is
spatially coincident with a gamma-ray pulsar (Pletsch et al. 2012). If either
the size of the bow shock exceeds 18’ or the distance between star and
shock is larger than 5’ (as listed in Peri et al. 2012) we use templates from
publicly available WISE data to search for high-energy emission.

Observation and Analysis

We analyse 57 months of Fermi-
LAT data (Pass 7) in a binned
likelihood fit using the gtlike
package provided within the LAT
Science Tools' (vOr29p00) in the
energy range from 100 MeV to
300 GeV. We use the second
Fermi-LAT catalogue (2FGL,
Nolan et al. 2012) as input model.
If bright emission is apparent in
the TS map (as seen in the left
map) we introduce a new source
at the point of highest emission.
The example to the right shows
two TS maps for the best
candidate. We introduce source
A, for which no counterpart has
been found so far.

HP 81377

Declination

2500 249.6 2492 2488 2484 2500 249.6 2492 2488 248.4

Right ascension Right ascension
s

Figure 2: TS maps of the best candidate { Ophiuchi with a bin size of 0.1°. White
contours are from the WISE template. Left: including only 2FGL sources in the model.
Right: including an additional source A in the model.

Model Predictions and Upper Limits Fit Verification

Models of the high-energy gamma-ray emission have been published for
three of the bow shocks. Fig. 4 and 5 show the LAT upper limits derived in
this analysis together with the spectral energy distribution (SED) predicted
by published models. For { Ophiuchi our limits constrain the model
predictions by a factor of ~5. Our upper limits are roughly at the same level
as the model predictions in the case of BD +43°3654 and for the third
candidate (HIP 24575) the Inverse Compton peak is expected in the X-ray
regime, therefore, not in reach for Fermi-LAT.

HIP 81377
3 A Model by del Valle & Romero (2012)
L XMM
32 | Fermi upper limits (57 months)
230
E _ -S\{ﬂ(
Iy p! v
£ 28 /
= T e
L2 .
26 e \
e .
- N
24 o N
d : '
' :
ZZIO =5 0 5 10 15
log E [eV]
Figure 4: SED for the best candidate { Ophiuchi.
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BD +43 3654 To verify the fitted
1 Fermi upper limits (57 months) ! ! quel, we calculate
36 residual count maps. If
bright residuals appear
34 at 2FGL background
source positions, the fit
32 . is repeated with the
spectral parameters of
30 these sources left free.
Figu’re‘:i:‘ Residual count map
E for { Ophiuchi.
1o =5 o 5 10
log E [eV] - -
Upper Limits
HIP 24575
34
3| i L Since all bow shock candidates have TS values
+ Fermi upper limits (57 months) smaller than 10, meaning that no significant emission
2 1 was found, we derive upper limits in four energy bins.
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Figure 5: SED for the two other
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